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While it is well established that cellular activation can increase human immunodeficiency virus (HIV)
replication in T lymphocytes, it is also clear that both activated CD81 and CD41 T lymphocytes mediate
anti-HIV activity. To assess the relative importance of these contrary effects on HIV replication in vivo, we
evaluated the consequences of Mycobacterium bovis BCG and staphylococcal enterotoxin B (SEB) inoculation
in vivo in rhesus monkeys chronically infected with simian immunodeficiency virus of macaques (SIVmac).
BCG inoculation induced as much as a 2.5-log reduction of plasma and intracellular SIV RNA in SIVmac-
infected monkeys. This down-regulation of virus replication persisted as long as 4 weeks after BCG inoculation.
Similarly, SEB injection resulted in up to a 3-log decrease in plasma and intracellular SIV RNA in SIVmac-
infected macaques. Interestingly, the short-term reduction of viremia in these monkeys correlated with the
peak in vivo production of SEB- and BCG-induced cytokine responses. However, no long-term clinical benefit
was observed in the SIVmac-infected macaques. These studies provide in vivo evidence that potent T-cell
stimulation driven by antigens other than the virus itself can, under some circumstances, mediate short-term
reduction of viremia in AIDS virus-infected individuals.

It has long been appreciated that the activation of the im-
mune system in the absence of antiretroviral therapy can in-
crease viral replication and accelerate disease progression in
an AIDS virus infection (6, 16, 23, 24, 30). In previous studies,
it was demonstrated that inoculation of macaques with Myco-
bacterium bovis BCG or staphylococcal enterotoxin B (SEB)
superantigen resulted in the activation and expansion of T-cell
subpopulations (10, 30). Moreover, the prolonged stimulation
of T cells caused by persistent BCG infection was associated
with an increase in simian immunodeficiency virus (SIV) loads
and accelerated progression of clinical AIDS in monkeys coin-
fected with SIV of macaques (SIVmac) and BCG (30).

It is also true that T lymphocytes play an important role in
regulating AIDS virus replication in infected individuals. Vi-
rus-specific, major histocompatibility complex class I-restricted
CD81 T cells have been shown to suppress human immuno-
deficiency virus type 1 (HIV-1) or SIV replication in vitro (7,
11). The in vivo expansion of populations of CD81 cytotoxic T
lymphocytes (CTL) correlates temporally with the clearance of
viral antigenemia during primary infection of humans with
HIV and macaques with SIV or simian-human immunodefi-
ciency virus (1). Moreover, in chronically HIV-1-infected hu-
mans, high levels of circulating CD81 CTL are associated with
low viral loads (17). Finally, depletion of CD81 T cells in
monkeys resulted in marked increases in plasma SIV RNA
during primary and chronic infection (8, 14, 22).

CD41 T cells also probably contribute to antiviral activity in

AIDS virus-infected individuals (20, 27). Potent proliferative
responses of HIV-1-specific CD41 T cells are associated with
the control of viremia in HIV-1-infected humans (20). In a
Hu-SCID mouse model, the adoptive transfer of human CD41

T cells can contribute to the control of HIV-1 infection (26). It
has been suggested that intermittent interleukin-2 (IL-2) treat-
ment may be able to enhance the anti-HIV-1 activity of highly
active antiretroviral therapy in HIV-1-infected humans (3).
While it has been presumed that IL-2 exerts its antiviral effect
in this setting by increasing CD41-T-cell numbers, the mech-
anism underlying this activity remains poorly understood.

In the present study, we assessed the virologic consequences
of T-cell activation in AIDS virus-infected individuals, evalu-
ating the potential conflicting T-cell-mediated increased viral
replication and antiviral activity. We examined the magnitude
of T-cell activation driven by BCG and SEB, as well as the
association of this activation with the changes in viral loads in
SIVmac-infected macaques. We found that early T-cell activa-
tion driven by BCG or SEB is associated with the short-term
reduction of viral replication in SIVmac-infected macaques.

MATERIALS AND METHODS

Animals and virus. Rhesus monkeys (Macaca mulatta), 3 to 5 years old, were
used in these studies. The animals were maintained in accordance with the
guidelines of the Committee on Animals for Harvard Medical School and the
Guide for the Care and Use of Laboratory Animals. All monkeys were inoculated
intravenously with SIVmac strain 251, as described previously (1). Six macaques,
designated here as SIVmac-infected monkeys, were infected with SIVmac for 3
months prior to BCG infection or BCG reinfection. All of these monkeys had
CD41 peripheral blood lymphocyte (PBL) counts greater than 900/ml before
BCG infection or BCG reinfection. For SEB challenge, four chronically SIVmac-
infected macaques were evaluated. The CD41 PBL counts of these animals were
between 500 and 700/ml at the time they received SEB.

* Corresponding author. Mailing address: Harvard Medical School,
Beth Israel Deaconess Medical Center, 330 Brookline Ave., RE 113,
Boston, MA 02215. Phone: (617) 667-2061. Fax: (617) 667-8210. E-
mail: zchen@caregroup.harvard.edu.

4713



M. bovis BCG coinfection. M. bovis BCG (Pasteur strain) was generously
provided by Scott Koenig, MedImmune Inc. BCG was stored in liquid nitrogen
and thawed immediately before inoculation. Monkeys 148, 269, 220, and 276
were inoculated sequentially with BCG, then SIVmac, and finally BCG at
2-month intervals. For BCG infection or reinfection (second inoculation), the
macaques were inoculated intravenously with 108 CFU of BCG. After BCG
inoculation, the monkeys were monitored for signs of clinical illness.

SEB inoculation. SIVmac-infected monkeys were injected intramuscularly
with SEB (Toxin Technology, Sarasota, Fla.) at a dose of 0.3 mg/kg of body
weight (10). Following SEB inoculation, collection of blood samples and lymph
node biopsies were done as previously described (10).

Isolation and fractionation of lymphocyte populations in blood and lymph
nodes. Peripheral blood mononuclear cells were isolated from EDTA-anticoag-
ulated blood of the monkeys using Ficoll-diatrizoate gradient centrifugation.
Peripheral lymph nodes were obtained by standard biopsy procedures before and
after BCG inoculation and were carefully teased to generate single-cell suspen-
sions. CD41 or CD81 lymphocytes were purified using anti-CD4 or anti-CD8
antibody-conjugated Dynabeads (Dynal, Inc., Great Neck, N.Y.), as described
previously (30). Peripheral blood mononuclear cells or lymph node cells were
incubated with these immunomagnetic beads for 30 min at room temperature
and then selected in two cycles with a magnetic particle concentrator. Monocytes/
macrophages in blood or tissues were purified either by anti-CD14 (Immunotech,
Westbrook, Maine)-coupled immunomagnetic beads, as described above, or by
adherence to culture flasks in a 1-h incubation, as described previously (19).
Monocytes/macrophages purified by these methods contained less than 5%
CD41 lymphocytes.

mRNA extraction and cDNA synthesis. mRNA was extracted from unfraction-
ated or fractionated lymphocytes using guanidinium thiocyanate- and oligo(dT)-
spun columns (mRNA extraction kit; Pharmacia, Piscataway, N.J.). The first-
strand cDNA was synthesized in a 20-ml volume at 420C for 1 h using
approximately 0.2 to 1 mg of mRNA, 1 mg of random hexanucleotides, and 5 U
of reverse transcriptase (Promega, Madison, Wis.). The samples were heated for
5 min at 95°C to terminate the reaction.

Proliferation assay. Conventional proliferation assays were carried out as
described previously. Briefly, macaque PBL (105 cells per well) were cultured in
triplicate in 96-well plates in the presence of BCG purified protein derivative
(PPD) (three different concentrations), concanavalin A, bovine serum albumin,
or medium alone. Five days later, cells were pulsed with [3H]thymidine at 1.0 mCi
per well, and uptake was measured 8 h later using a 1450 Microbeta scintillation
counter (Wallac, Gaithersburg, Md.). The stimulation index was defined as the
ratio of the mean counts per minute of PPD-, concanavalin A-, or bovine serum
albumin-stimulated wells relative to the mean counts per minute of control wells
(medium alone).

ELISA quantitation of plasma cytokines. IL-2, IL-4, IL-10, and gamma inter-
feron (IFN-g) were measured in plasma samples using enzyme-linked immu-
nosorbent assay (ELISA) kits that are commercially available from Biosource,
International (Camarillo, Calif.). Plasma samples from 10 uninfected macaques
were included as controls.

Quantitative measurement of plasma SIV RNA. Measurement of plasma SIV
RNA was done using QC-PCR as described previously (18, 30). Briefly, viral
RNA was extracted by following the instructions of the RNA extraction kit from
Qiagen (Valencia, Calif.). The extracted RNA was aliquoted into six different
tubes, which contained defined numbers of copies of SIVmac gag competitor
RNA. The RNA mixtures were reverse transcribed to cDNA and competitively
amplified by a 35-cycle PCR using a pair of SIVmac gag-specific primers (30).
The amplified PCR products containing the wild type and competitor were
separated on 2% agarose gels and measured for their densities in a GS 700
imaging densitometer (Bio-Rad). Quantitation was achieved by data analysis
using Molecular Analyst system software (Bio-Rad). The coefficient of variation
of intra- and interassays using this protocol was less than 20%. The sensitivity of
the QC-PCR was 4 3 102 RNA copies in 1 ml of plasma. As a complementary
study, plasma SIV RNA was also quantitated by the branched-DNA (bDNA)
assay (Chiron, Emeryville, Calif.). This assay allows detection of a minimum of
104 RNA copies/ml. As controls, two SIVmac-infected monkeys were injected
intravenously with tissue culture supernatant from an uninfected CEM T-cell
line and assessed for changes in plasma SIV RNA (1).

PCR-based semiquantitation of intracellular SIVmac RNA. To analyze intra-
cellular SIVmac RNA expression, purified CD41 lymphocytes and CD141 cells,
as well as adherent monocytes, were subjected to mRNA extraction and cDNA
synthesis. The PCR-based semiquantitation was performed as described previ-
ously (30). Briefly, the PCR products were separated on a 2% agarose gel,
transferred onto a nylon membrane, and then hybridized to a 32P-labeled inter-
nal oligonucleotide. Defined numbers of copies of SIV gag cDNA were always

included as standards for the semiquantitation. Quantitation was based on the
radioactivity measured by an AMBIS 100 (1, 30) or on the density determined
using a GS 700 imaging densitometer (Bio-Rad). To normalize SIVmac RNA
expression levels, the b-actin housekeeping gene was similarly quantitated using
the same amount of cellular cDNA. Semiquantitation was achieved by calculat-
ing the number of copies of SIV gag RNA in 1.66 3 10216 M actin-containing
cellular RNA (approximately 106 cells).

Statistical analysis. The paired Student t test, as described previously (5), was
employed to examine whether the BCG- or SEB-associated decrease in plasma
SIV RNA was statistically significant. The log scales of plasma SIV RNA and the
log reduction after BCG coinfection or SEB injection were calculated and com-
pared as described previously (5).

RESULTS

BCG coinfection induced a transient decrease in plasma
SIV RNA in SIVmac-infected macaques. To determine the
effect on SIV replication of a BCG-induced stimulation of the
immune system, two groups of SIVmac-infected monkeys were
inoculated intravenously with BCG and assessed for changes in
viral loads. In the first group of SIVmac-infected macaques,
animals that were naı̈ve to BCG, the BCG coinfection resulted
in a transient decrease in the level of plasma SIV RNA (Fig. 1).
Similarly, the BCG coinfection induced a decrease in plasma
SIV RNA in the group of macaques that were sequentially
infected with BCG, followed by SIVmac, and finally again by
BCG. Up to a 2.5-log reduction in plasma SIV RNA was
detected in the SIVmac-infected monkeys 4 to 21 days after
BCG inoculation, as measured by bDNA assay and QC-PCR
(Fig. 1). In contrast, the control SIVmac-infected macaques
did not show significant changes in plasma SIV RNA levels
after injection with culture supernatant from the CEM cell line
(Fig. 1). The BCG-associated decrease in plasma SIV RNA
was statistically significant (P , 0.05 by a paired t test). Fur-
thermore, the reduction in plasma SIV RNA coincided with an
enhanced proliferative response of BCG PPD-specific T cells
after BCG reinfection (Fig. 2). These results, therefore, dem-
onstrate that BCG-induced immune stimulation can result in
an early decrease in SIV viremia in SIVmac-infected ma-
caques.

The BCG-associated decrease in plasma SIV RNA appeared
to result from decreased viral replication rather than acceler-
ated decay of plasma virus. We then sought to determine
whether the decrease in plasma SIV RNA reflected an en-
hanced decay of plasma virions or a decrease in virion produc-
tion by infected cells. To address this issue, we prospectively
measured both the plasma SIV RNA and the intracellular SIV
RNA expression in CD41 T cells and macrophages in lymph
nodes, the main major reservoir for the AIDS virus. Coincident
with the reduction in plasma SIV RNA in these monkeys
during acute BCG reinfection was a marked decrease in intra-
cellular SIV RNA in lymph nodes (Fig. 3). A 2-log decrease in
viral RNA was observed in the CD41 T cells from lymph nodes
of these monkeys at the time the plasma SIV RNA was at its
nadir. In addition, an associated decrease in intracellular SIV
RNA expression was seen in the macrophages derived from
the lymph nodes of the SIVmac- and BCG-coinfected ma-
caques (Fig. 3). These results, therefore, suggest that BCG-
induced immune stimulation can transiently control SIV rep-
lication and reduce viral loads in SIVmac-infected monkeys.

The predominant Th1-like T-cell response driven by BCG
coincided with the transient reduction of plasma SIV RNA in
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FIG. 1. BCG coinfection resulted in a transient decrease in virus loads in the macaques primarily infected with SIVmac. Shown in the upper
panel (SIV/BCG) is the change in the copy numbers of plasma SIV RNA on different days following the BCG inoculation. The inoculation was
done on day 0. Days 0 and 230 after the BCG inoculation were equivalent to the days 86 and 56, respectively, after the SIVmac infection. The
middle panel (BCG/SIV/BCG) shows the change in the copy numbers of plasma SIV RNA following BCG reinfection of SIVmac-infected
macaques. These macaques were inoculated with BCG before the SIVmac infection. Shown in the lower panel (CONTROL) is the change in the
copy numbers of plasma SIV RNA in the control SIVmac-infected monkeys that received CEM supernatant (Reference 1 and Materials and
Methods). Plasma SIV RNA was measured by bDNA (triangles) and QC-PCR (squares), as described previously (29).
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SIVmac-infected macaques. To explore the mechanism re-
sponsible for the BCG-induced damping of SIVmac replica-
tion, we examined whether the short-term containment of
SIVmac replication correlated temporally with the potency of
the BCG-driven T-cell activation in the macaques. To address

this issue, in vivo cytokine responses were assessed as surrogate
markers for the potency of T-cell activation driven by BCG.
Following BCG inoculation, an increase in the production of
cytokines was observed in the plasma of the SIVmac-infected
macaques. An increase in plasma IFN-g and IL-2 was observed
1 to 2 weeks after BCG inoculation (Fig. 4A), suggesting a
BCG-driven T-cell response. No significant change in plasma
IL-4 was seen, and an increase in plasma IL-10 was detected in
only two monkeys after BCG coinfection (Fig. 4A). Interest-
ingly, the peak of this cytokine response coincided temporally
with the early, transient containment of SIVmac replication
(Fig. 4B). As the plasma cytokine levels decreased, an increase
in plasma SIV RNA was seen in the SIVmac- and BCG-
coinfected monkeys (Fig. 4B). These results suggest that an
initial potent T-cell response driven by BCG is associated with
the transient reduction of viral replication in SIVmac-infected
monkeys.

While this transient containment of SIV replication was
observed, the long-term clinical consequences of BCG coin-
fection were clearly detrimental. Viral loads returned to base-
line levels or even increased further 3 to 4 weeks after BCG
inoculation in the SIVmac-infected monkeys (Fig. 1). A pro-
found decline in CD41 PBL counts was observed, and fatal
BCG dissemination occurred as a result of the chronic coin-
fection with SIVmac and BCG. All monkeys except for animal
276 died within 4 months of the BCG coinfection (data not
shown). While the clinical outcomes in these monkeys con-
firmed our previous observation that chronic BCG coinfection
accelerates the progression of SIV-induced disease, the obser-
vations during the period of hyperacute BCG infection indi-
cate that BCG coinfection results in a biphasic change in viral
loads in SIVmac-infected monkeys.

SEB-induced stimulation of IFN-g-secreting T cells coin-
cided with the short-term control of SIVmac infection. We
then sought to confirm that the reduction in SIV replication
seen early after BCG coinfection was associated with T-lym-
phocyte activation. Our previous studies had indicated that the
in vivo challenge of macaques with SEB stimulated and ex-
panded approximately 65% the population of their T cells (10).
We reasoned that the activation of this diverse population of T
cells might down-regulate AIDS virus replication. SIVmac-

FIG. 2. BCG reinfection stimulated proliferative T-cell responses in macaques infected early with SIVmac. Shown are the results of T-cell
proliferation in response to BCG PPD antigens following the first (Mm261) and second (Mm148 and Mm269) BCG inoculations. ConA,
concanavalin A; BSA, bovine serum albumin.

FIG. 3. Early BCG coinfection induced a consistent decrease in
intracellular SIV RNA expression in CD41 lymphocytes and macro-
phages purified from the cells in lymph nodes. Intracellular SIV RNA
expression was measured by semiquantitative methods as described
previously (29). The intracellular SIV RNA was quantitated as copies
in 1.66 3 10216 M actin-containing RNA.
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infected macaques were injected with the T-lymphocyte supe-
rantigen SEB to stimulate T cells and were assessed for
changes in their viral loads. This exposure induced a T-cell
response evidenced by the abrupt increase in their plasma

cytokine levels. An increase in production of IFN-g was seen 1
day after SEB injection of the SIVmac-infected macaques;
some of the animals also exhibited an increase in the produc-
tion of IL-2 and IL-10 (Fig. 5). Consistent with the findings

FIG. 4. Short-term containment of SIVmac replication coincided with the peak phase of the BCG-driven T-cell response. (A) Changes in
plasma cytokines IFN-g, IL-2, IL-4, and IL-10 after BCG inoculation. Plasma cytokines were measured using the ELISA kits for measuring
macaque IFN-g, IL-2, and IL-10, as well as human IL-4. The ELISA kit for measuring human IL-4 can detect macaque IL-4 (data not shown).
(B) Correlation between an increase in plasma IFN-g and a decrease in plasma SIV RNA.
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seen in the SIVmac- and BCG-coinfected monkeys, the SEB-
induced stimulation of T cells resulted in a striking decrease in
SIVmac replication in these monkeys. Up to a 3-log decrease
in plasma SIV RNA was seen in the SIVmac-infected ma-
caques 1 to 3 days after SEB injection (Fig. 6A). In addition,
consistent decreases in SIV RNA expression were detected in
purified CD41 T cells from lymph nodes of the SEB-injected
macaques (Fig. 6A). Importantly, the increase in plasma IFN-g
correlated temporally with a profound decrease in plasma SIV
RNA following the SEB injection in the SIVmac-infected ma-
caques (Fig. 6B). As seen in the setting of BCG coinfection, the
waning of the IFN-g cytokine response was associated with a
rebound increase in plasma SIV RNA in the SIVmac-infected
macaques (Fig. 6B). These results provide additional evidence
suggesting that potent T-cell stimulation can result in the
short-term reduction of viremia in SIVmac-infected macaques.

DISCUSSION

The present studies demonstrate that a potent stimulation of
T cells in vivo can be associated with a decrease in viral rep-
lication during the hyperacute phase of BCG coinfection or
SEB challenge in SIVmac-infected monkeys. Biphasic changes
in the control of virus, i.e., an initial decrease followed by an
increase in viral replication, correlated temporally with the
increase and subsequent decrease in BCG- or SEB-induced
T-cell activation in the SIVmac-infected monkeys. The in-
crease in SIV replication seen in the second phase of the
response following SEB challenge or BCG coinfection repre-
sents the increase in viral replication that has been described
following vaccination or opportunistic infections in HIV-1-
infected humans (6, 16, 23, 24). The undetectable down-regu-
lation of viral replication following immune activation in those
HIV-1-infected humans can perhaps be explained by the lim-
ited magnitude of T-cell activation. The T-cell activation that
has been studied for HIV-1-infected humans to date is antigen

specific and, therefore, restricted to discrete lymphocyte sub-
populations. The activation of T cells induced in the present
studies in monkeys by inoculation of SEB superantigen and by
intravenous injection of a large inoculum of BCG is much
greater in magnitude than that occurring in humans who have
recently been vaccinated or have a local infection. The early
and frequent sampling of blood may help to demonstrate this
suppression of AIDS virus replication following immune stim-
ulation in humans. This scenario is supported by a recent study
demonstrating that acute scrub typhus coinfection can result in
a transient suppression of HIV-1 replication (28).

The difference in SIV replication seen in the hyperacute and
chronic phases of BCG coinfection may be explained by the
potency of the BCG-driven T-cell activation. The intravenous
inoculation of SIVmac-infected monkeys with a large bolus of
BCG likely stimulates substantial T-cell activation during the
hyperacute phase of BCG coinfection. Our results showing the
production of cytokines during BCG coinfection indicate that
BCG-mediated T-cell activation is most potent in the first 2
weeks after BCG inoculation, probably during the period of
BCG antigenemia. This T-cell activation may reach a threshold
that perhaps supersedes T-cell-activation-related enhancement
of SIV replication and exerts antiviral activity. In contrast, the
magnitude of T-cell activation driven by BCG during the
chronic phase of BCG infection may be lower as a result of the
control of the mycobacterial load in the setting of an effective
anti-BCG immune response. This decreased activation of T
cells may result in the waning of T-cell-mediated antiviral
activity. As a result, viral replication can rebound to elevated
levels in the SIVmac- and BCG-coinfected monkeys. On the
other hand, chronic SIVmac and BCG coinfection may lead to
the persistence of T-cell activation that is below the antiviral
threshold. The low-level and persistent T-cell activation that
occurs during chronic SIVmac and BCG coinfection may ac-
celerate both SIV- and BCG-induced diseases (30).

FIG. 5. SEB superantigen induced the apparent cytokine responses in the SIVmac-infected macaques. Shown is an increase in plasma cytokines
after the SEB injection of the macaques. The detection of plasma cytokines was the same as that described in the legend to Fig. 4.
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The SEB-induced reduction in SIVmac replication in SIVmac-
infected macaques was striking but shorter in duration than
that seen in the setting of BCG coinfection. The brief duration
of the SEB-induced reduction in viremia may simply reflect the
fact that only a single injection of SEB protein was delivered
and that protein was rapidly cleared from the body. Neverthe-
less, the almost 3-log decrease in viral load that persisted for 3
days during the hyperacute phase of SEB stimulation is likely
to be biologically significant, since the SIV virions appear to
have only a 3.3-min half-life in plasma (29). The finding that
the SEB-induced increase in plasma IFN-g correlated tempo-

rally with the duration of the control of viremia provides ad-
ditional support for the possibility that the initial potent stim-
ulation of T cells contributed to the antiviral activity in these
monkeys. The longer duration of immune stimulation driven
by BCG antigens during BCG coinfection presumably reflects
the length of time BCG replicates in vivo prior to immune
control of the mycobacteria (data not shown).

Several factors may contribute to the immune stimulation-
associated decreases in viral loads in these monkeys. SEB and
BCG both stimulate the activation of CD41 and CD81 T-cell
subpopulations in macaques (10, 30). These stimulated CD41

FIG. 6. Initial cytokine response stimulated by SEB correlated with the transient control of viremia. (A) Changes in the copy numbers of plasma
SIV RNA and intracellular SIV RNA in lymph node cells. The intracellular SIV RNA was quantitated as copies in 1.66 3 10216 M actin-containing
RNA. (B) Correlation between the abrupt rise of plasma IFN-g and the sharp decline in plasma SIV RNA in the macaques challenged with SEB.
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and CD81 T cells may act in concert to contain viral replica-
tion in SIVmac-infected monkeys. The likelihood of coopera-
tion between CD41 and CD81 T cells in this regard is sup-
ported by the observation that both CD81 T cells and a
vigorous HIV-1-specific CD41 T-cell response are associated
with control of viremia in HIV-1-infected individuals (20). In
addition, certain chemokines and cytokines produced during
the hyperacute phase of BCG- or SEB-induced T-cell stimu-
lation may contribute to the control of viral infection in SIVmac-
infected monkeys. In fact, a cytokine-induced antiviral effect
has recently been observed in HIV-1-infected cell lines and
CD41 lymphocytes (9, 12, 21). Furthermore, T-cell activation
driven by BCG or SEB may both directly and indirectly aug-
ment SIVmac-specific CD81 T-cell responses in SIVmac-in-
fected monkeys. BCG- or SEB-driven T-cell stimulation may
enhance SIV-specific precursor CTL activity as well as their
CTL production of chemokines and other antiviral cytokines
(3, 15). In studies of SEB-driven T-cell responses in normal
macaques, we have observed a marked increase in expression
of RANTES and other chemokines after SEB stimulation
(data not shown). We certainly cannot exclude the possibility
that macrophage-derived cytokines also contribute to the tran-
sient down-regulation of SIVmac replication. Further studies
are needed to elucidate the precise mechanisms responsible
for the antiviral effect exerted by BCG- and SEB-induced im-
mune stimulation.

Therefore, we have demonstrated that the initial potent ac-
tivation of T cells driven by BCG or SEB coincides temporally
with a short-term inhibition of viral replication in SIVmac-
infected monkeys. The results of these studies provide in vivo
evidence that T-cell activation driven by antigens other than
the virus itself can, under some circumstances, contribute to
the containment of the viral replication in AIDS virus-infected
individuals.
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